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Issues in the Theory of Human Capital:
Education as Investment
FRITZ MACHLUP"
After a few references to the early literature on human capital, from Petty
via Smith, Engel, and Nicholson to Marshall, various issues in current theory of
human capital are briefly reviewed. They include questions regarding categories of
"tangible human capital" and "intangible nonhuman capital;" investment in
raising children, in schooling, and in research and development; depreciation of
human capital through obsolescence, loss of strength, illness, retirement, and death;
conflicts between efficiency and equality in the educational system; wrong edu-
cational mix resulting in waste or even net loss; the problem of complementarity
among different kinds of physical and human capital; and the complexity of
econometric research on comparative returns to different investments.
INTRODUCTION
Volume III of my projected ten-volume series onKnowledge: Its Creation,
Distribution, and Economic Significancewill carry the titleThe Economics of
Information and Human Capital.Part One of this volume dealswith the economics
of knowledge and information, Part Two with knowledge as human capital. I started
the research in the early 1970s and began writing the manuscript in 1977. H is now
complete with some 900 typed pages, organized into 21 chapters. The part on human
capital runs to over 300 pages in 10 chapters. But it will take another 18 months,
perhaps 24 months, to get into print. Yes, it seemsthere is no end to making a book.
With the prospect of such a long waiting period, I have gladlyaccepted the invitation
of the editor of this learned journal to present some of the things I have learned.
The Early Literature on Human Capital
Let me begin with an attempt to dispel the misconception that the theory of
human capital is an entirely new field in economics. Many young students actually
believe that the economics of human capital has developed quite recently, beginning
in the 1950s or 1960s. This impression has arisen probably because of the work of
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two economists who, in the late 1950s, put the notion of human capital on the map,
prominent for everyone to see. They actually revived a venerable idea, showed its
significance for the explanation of currently observed phenomena, and their presen-
tation was forceful and rigorous. These two men deserveour respect and admiration.
Fortunately, our profession has not failed to recognize their achievement. They are
Theodore Schultz [21; 22] and Gary Becker [1; 2], both of the University of
Chicago. Their work in this area of analysis and research has induced many other
economists to enter this field and develop it further.
Schultz applied the notion of human capital to the economics of education,
particularly to an explanation of the increase in productivity of human resources;he
also examined the relationship between human capital and economic growth. Gary
Becker engaged in more technical research in mathematical and statistical economics.
He undertook to compute rates of return to the investments people have made in
their own skills and efficiency - in self-improvement - chiefly through schooling
and training. That Schultz and Beckerwere not the first economists to show the role
of human capital does not reduce the magnitude of their achievement.
The first estimate of a nation's stock of human capital was probably made
around 1676 by Sir William Petty for hisPolitical Arithmetick(published post-
humously in 1690) [19]. Petty did not, however, use his estimate in support of any
substantive hypotheses or in connection with any theoretical model for the derivation
of causalconnections.
Exactly a hundred years later, in 1776, Adam Smith published hisInquiry into
the Nature and Causesof the Wealthof Nations[23]. Smith was quite clear about
the role of human capital. In his discussionof the nation's "stock," he remarked on
most people's preconception of the capital stock as alwaysbeing something physical,
such as factories, machines, or tools; and he warned the reader not to forget that one
of the important parts of capital stock is the raised productivity of human beings.
Smith considered education as one of the effective ways of increasing the produc-
tivity of human resources. That Smith was highly critical of the quality of teaching
at Oxford University and of the counterproductive arrangements in the university
education of his time should not be mistaken as an argument againstcapital formation
through education. He emphasized the development of skills through specific kinds
of training.
In 1883, a German statistician by the name of Ernst Engel published a book on
the "Cost Value of Human Beings" [7]. (Lest you confuse this Engelwith Friedrich
Engels, the collaborator of Karl Marx, let me assure you that they are neither
identical nor related.) Ernst Engel planned two volum~s onDer WertdesMenschen
but finished only Volume I, treating the investment outlays made for man as pro-
ductive factor; he was chiefly concerned with the cost of food invested in the growing
child. (This conception has recently been revived by John Kendrick, an attempt to
which I shall later return.)
In this brief intellectual history I must not leave out the English economist
Joseph Nicholson. He published an article in 1891 on "The living Capital of the
United Kingdom" [18]. He was quite explicit regardingthe fact that he was dealing
with an old notion. He said that "almost all systematic writers on Political Economy
have discussed the question whether or not the skill of the artisan,. . . , and other
intangible elements of the social fabric should be included in the wealth of the
individual or the nation." Nicholson looked to the cost of educating, not the cost of
feeding the child, as the major investment in human productivity. Assessingthe
human capital accumulated in the people of the United Kingdom, he estimated that
the total value of the country's "living capital" was more than five times the stock of
"dead," that is, physical capital.
Alfred Marshall [17] also should be cited for his clear vision of these ideas. He
distinguished "personal" capital froin "material" capital; he considered personal
capital as being chiefly formed through investment by parents paying and caring for
the education of their children.
Comingto the twentieth century, I want to refer to an article by John Raymond
Walsh, published in 1935, entitled "Capital Concept Applied to Man" [24]. In
1945 we were giventhe pioneering study by Milton Friedman and Simon Kuznets on
Income from Independent Professional Practice[8]. This book undertook an
elaborate empirical test of the thesis that investment in scarceskillswas paying off.
My list of early contributions to our topic is surely not complete, but it suffices
to show that the theory of human capital had been in the economic and statistical
literature for almost 300 years before the floodgates were opened by Schultz [21;22]
and Becker [1; 2] .
~I
~I
II
Concepts of Capital
Writing about human capitall must not dodge the issue of the semantics of the
word" capital". Many textbooks circumscribe the meaning of the word rather
narrowly, confining it to "produced producers' goods." Thus, the concept is not
extended to intangibles and not extended to consumer durables. The stress is on
physical goods that were "produced," that is, not provided by nature (like land,
mineral deposits, or other natural resources).
Other writers, however, have found it useful to widen the meaning of capital in
several respects. One extension relates to the users of capital: the use is no longer
restricted to producers making other goods but is extended to consumers deriving
from it a long-enduring flow of intangible services. To comprehend this, one merely
has to think of residential housing. Most national-income statisticians include the
construction of residential homes in capital formation. Capital is thus no longer a
physical intermediate product used in the production of other physical products, but
a durable structure that provides a flow of intangible consumer benefits. Economic
theorists have gone beyond economic statisticians in that they include in the capital
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stock all sorts of durable consumer goods, such as automobiles, home appliances,
musical instruments, etc. Still, although the future benefits may be intangible, the
assets in the capital stock are physical, "tangible."
Coming now to human resources, we fmd that the capital concept is no longer
restricted totangibleassets yielding tangible or intangible services,but extends to
intangibleassets yielding tangible or futangible services.Still another distinction is to
be made with regard to human resources,namely, whether the capital concept should
be restricted to investments in improvements of the human resource as a productive
factor or whether the human resource should be regarded as capital no matter
whether.any special outlay has been made to increase its productivity. Economists
have sometimesbeen critical of the strange" fallacy" of regardingthe birth of a lamb
as an increase in wealth, but the birth of a human child as no such increase but,
instead, as a burden, as a reduction of income per head of population. If the newly
born child is not seen as an addition to wealth and capital, then at least the invest-
ments in feeding and caring for the future workers should, in the view of these
economists, be treated as capital formation. Counter arguments, however, point to
the possible absence of complementary capital goods, especially in countries
suffering from overpopulation.
Types of Investment Opportunities
Let us try to make this discussion somewhat more concrete, with regard to
both physical and human capital. Assume a country has a certain flow of investible
funds available. The people of that country - either private owners and borrowers
of investible funds or the government - have a variety of investment opportunities.
Let us single out four types of potential investments: (1) Physical producers' goods,
such as machines and factories, (2) physical durable consumers' goods, such as
washing machines and residential houses, (3) schools and teachers to provide
vocational skills, (4) schools and teachers to provide knowledge of literature and
dance. All four types of investment may yield future flows of benefits that will
improve the human condition. Thus, they can all be regarded as capital formation in
the wide sense of the term. Still, it may serve an analytic purpose to distinguish
subgroups of capital. The investments mentioned under Nos. (1) and (3) may be
characterized as productive in that they will increase the efficiency of the nation's
productive factors employed to produce a larger output of real goods. In contradis-
tinction, the investments mentioned under Nos. (2) and (4) may be characterized not
as inputs in the productive process but as making the lives of people in the future
more pleasant or more interesting. For example, using a washing machine is easier
than washing by hand; living in a better house is more pleasant than livingin sordid
and overcrowded quarters; knowing the literary masterpieces of the past and under-
standing the rites of classicaldance may lift people's spirits and add to the enjoyment
of their lives.
These differences between production capital and consumption capital are no
longer popular among economists. Many economists these days distrust the specu-
lations behind the distinctions. Statisticians treat the four types of investment in a
rather non-philosophical way. They would take the costs of the machines, the
factories, and also of residential construction and call all of it capital formation.
They would eliminate the washing machines from investment outlays and include
them in consumption. And the official government statisticians would omit all
formation of human capital and, instead, would treat the expenditures for education
as current consumption.
Some academic statisticians oppose these operational decisions and make an
effort to report investments in human capital. Even there, however, we fmd a certain
inconsistency with regard to current investment and the future flow of benefits. In
the case of physical capital goods, such as machines and factories, these items are
included in the annual statistic of national product, and their future contributions to
the flow of goods and serviceswill appear again in the statistics of national product
when the products are eventually sold. In the case of human capital, such as outlays
for schooling, these items are induded (though only by the idiosyncratic-academic
statisticians) in the statistic of national product in the year of investment, but the
subsequent flows of benefits from these investments will remain unrecorded in later
Investment in Education
Education is commonly regarded as the major form of investment in human
resources. There is the question whether one should considerall outlays for education
as formation of human capital regardless of whether the particular teaching and
learning would increase the productivity of labour. Education can, by elevating the
learners' intellect, improve their quality of life; but it may also improve the indi-
viduals' skills and efficiency in producing useful things. Some economists see an
important difference between the contribution that education may make to the flow
of intangible satisfactions to the educat~d themselves (and their friends and contem-
poraries) and the contributions which the skilled and efficient workers will make by
producing material goods in greater quantity or of better quality.
We fmd here again the problem discussed earlier in relation to durable goods:
they may contribute to a larger flow of tangible goods or they may induce a larger
flow of intangible servicesyieldingpsychic satisfaction, but no measurable increase in
production. In other words, we face again the problem of distinguishingproductive
capital from consumption capital. Some economists prefer to treat durable consump-
tion goods as wealth but not as capital. National-income accountants have decided
against treating the sources of intangible flows of consumer satisfaction as capital.
Other economists, however, do not recognize this as a significant difference, and they
treat both kinds of "sources of benefits" as capital; they do not care whether the
derived servicesare used for production or only for consumption.
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years except if they are giving rise to monetary transactions between sellers and
purchasers. This is similar to the way in which in many countries, the servicesfrom
owner-occupied residential housing remain unreported and unrecorded. While the
construction of houses is included as capital formation, and while rentals paid in the
future by tenants to landlords will figure in national income, the rental values of
owner-occupied houses are disregarded. You can see that we all have great trouble
getting our act together.
[12]. To characterize the four categories, I shall mention some characteristic items
for each: (A) Outlays for construction, machinery and inventory are investments in
tangible non-human capital; (B) Outlays for rearing children to working age are
investments in tangible human capital; (C) Outlays for research and development are
investments in intangible non-human capital; and (D) Outlays for education, training,
health, safety, and mobility of people are investments in intangible human capital.
One cannot help being impressed by the neat symmetry of this arrangement, though
one may take exception to category B, tangible human capital represented by
children from age 0 to 14 or 15. Undoubtedly, parents may derive much pleasure
from their children and, hence, a psychic return on their investment in feeding them
and caring for them; and in many countries parents may look to their children as a
source of income in later years, perhaps their only support in old age. From the
point of view of the economy as a whole, however, excessiveincreases in the popu-
lation may reduce the productivity of labour.
One may wonder how Kendrick obtained his figures for the statistics of the
four categories of capital formation and capital stock in the United States. For some
of his series he had to make rather heroic assumptions. For example, for category C,
the capital embodying the results of research and development, he started the
accumulation with the earliest date for which reliable estimates of outlays were
available. This can perhaps be justified by the fact that he produced figures for the
stock existing in 1976; if the earliest statistic of Rand D expenditures is for 1929,
one may argue that in the meantime normal depreciation has reduced the earliest
recorded outlays to almost zero.
Investment in Research and Development
The situation becomes much worse when we proceed to the economists'
treatment of outlays for research and development. Although everybody these
days is convinced that such outlays are investments - even very good investments -
the official statisticians have not yet decided in favour of a consistent treatment.
Most of the official statistics record outlays for Rand D as part of the national
income (though not as part of capital formation) when the outlays are financed by
government agencies or private research organizations. On the other hand, if the
outlays for Rand D are made by private industry, these outlays are not treated
explicitly as items in the national product and, still less,ascapital formation. Instead,
they are treated as current cost of producing whatever the industries concerned are
making and selling in the market. Thus, if business firms produce and sell soap, or
medicines, or automobiles, their outlays for Rand D are regarded as part of the cost
of current production of soap, or medicines, or automobiles - not as investment or
formation of intangible capital [15;16].
Some academic statisticians protest against this inconsistency and prepare and
publish modified compilations of the national product in which the outlays for R
and D are shown as capital formation regardless of who pays for them and whether
or not any future benefits from them can be expected with confidence. To state this
is not to make an implied criticism; statisticians cannot possibly judge the value of
current research findings or of inventions, just as they cannot judge whether the
machines and factories that are generally treated as capital formation will turn out to
be efficient or worthless.
Depreciation of Human Capital
This brings us to the question of depreciation. In general, depreciation may be
subdivided into deterioration, depletion, and obsolescence. Kendrick does not,
however, get too deeply involvedin the economics of these reductions in the value of
accumulated human capital. Instead, for his statistical series he is satisfied with the
use of rules of thumb for acceptable rates of annual depreciation. As economi'c
theorists we would have to engage in more painstaking analyses. Wewould have to
realize that investment in the workers' training-on-the-job depreciates in different
ways and at different rates where the depreciation is due to obsolescenceof acquired
skills, to the loss of the workers' physical and mental strength, to changing rules of
their retirement from active service, and so forth. I have attempted some of these
analyses, but I shall not report here about the many subtle arguments. If I were
asked whether these exercises, analytic or statistical, serve any practical purposes, I
would have to reply with a shrug of my shoulders. In economicresearch, as in basic
research in other disciplines, it is best not to ask for immediate usefulness. It is
enough that the researcher has found his work interesting and that also some of his
readers have been interested. If any hard-nosed pragmatists should question the
Four Categories of Capital
One of the most challengingand disappointing tasks of economists is to fmd
statistical or other operational proxies for their theoretical counterparts, that is, for
the mental constructs of \Vhichtheories are made. I want to refer to the ambitious
economist who has recently tried to compute and compile data on the formation and
stocks of "total" capital [12]. John W. Kendrick distinguished four categories
of annual capital formation and of accumulated capital stocks: (A) non-human
tangibles, (B) human tangibles, (C) non-human intangibles, (D) human intangibles
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value of such research work we could invite them to deduct some or all of its cost
from the total investment in human capital.
In other words, the educational system may have mismatched the preferences and
the opportunities of those who have completed their studies. Most societies need
lawyers and linguists, historians and literary critics, but not in unlimited num-
bers. A society not much above the subsistence level needs only very few of these
types. If the educational system produces too many of them and they refuse to till
the soil or do unskilled manual labour, a reserve army of people without jobs will
crowd the towns and cities. Education that reduces the employability of people
and, in effect, reduces the productivity of labour becomes a drag to economic
developmen~.
Incidentally, what I have just said about educating too many for occupations
for which there is not enough demand, holds not only for literary criticism, law, and
other high-prestige occupations but also for the most practical occupations in
manual work. We need carpenters, plumbers, and electricians, but not millions of
them. Weneed barbers but it would be crazy to train too many people to be skilled
barbers; to educate everybody in the art of cutting hair and trimming beards w011ld
surely not be formation of human capital. I shall return later to the question of the
right and wrong educational mix that is essential to the problem of the contribution
of education to economic productivity and growth. .
The difference between waste and drag should be clear: if we train a million
lawyers who then, because no more lawyers are needed, work as taxi drivers, street
cleaners, or in road-repair crews, the cost of their education iswaste; but if they fmd
such menial work demeaning and refuse to do it, their education is worse than waste.
"Wrong" education may fail to improve productivity and thus bewasteful;or it may
contribute to unemployment and thus beharmful.Perhaps I have overemphasized
these possibilities, but my purpose has been merely to clarify an issue that is often
misunderstood.
Four Outcomes of Schooling
One may disagree with the view that education is alwaysan investment, and a
good investment, for the future, though any such judgments are alwaysquestionable.
They may sometimes be specious in that one may easily confuse the look forward,
the anticipation, with the look backward, the retrospect or afterthought. Perhaps, a
little superficially, one may say that most of the cost of schooling is unquestionably
investment, but thatsomeis consumption,someis waste, andsomemay be a real
drag, worse than waste[14]. Let me explain these four possible outcomes.
There are surely some parts of the usual school activities that contribute
nothing to the future, neither to future flows of psychic satisfactions (cognitive
or emotional) nor to future efficiency (in production and in earning an income).
Thus, these portions of the cost of schooling are not investment, but they may
be current consumption. One would regard them as consumption if they give
pleasure. Such pleasures may be the immediate satisfaction derived from learning,
from stories, from playing, from enjoying games,talks, friendships. But not only the
pupils may derive immediate satisfaction; their mothers may appreciate being tem-
porarily relieved from the responsibilities of supervisingtheir children; to have the
children away from home in the care of teacher-babysitters is a boon to many a
mother. Neighbours, too, may be among the beneficiaries of the school system: they
often appreciate not being bothered by the noisy activities of children on the streets.
In my statistical work I have not tried to estimate the values of any of such immediate
satisfactions which the school system may giveto the learners, their families,or their
neighbours. Yet, we should not completely disregard the possibility of regarding a
part of the cost of schooling as consumption, particularly since in conventional
national-income statisticsallof it is treated as consumption.
I have said that parts of the cost of schoolingcould be waste; such ajudgment
would be reserved for such parts that are neitherinvestment nor current consumption.
In other words, where school education yields neither present nor future benefits, it
is waste. But it could be worse than waste, namely, if it not only did not pleaseor
help anyone now or later but actually harmed some. Harm to the schooled ones and
harm to the nation could come from an educational system that turned out people
unfit for work wanted by the community. Sir Arthur Lewis, the great scholar in
the field of economic development, has givenexamples of countries where secondary
and tertiary schools have produced unwanted knowledge and worthless skills -
unwanted and worthless because of the excessivenumbers of" overqualified" seekers
of employment [13]. Not that overqualified workers would necessarily be unfit to
do less qualified work, but often they are unwilling to accept employment in occu-
pations below the social status and below the income levelthey have come to expect.
Efficiency and Equality
Having explained why too much schooling may be wasteful, I should also
mention that too little schooling may be wasteful. Some investigators - psycho-
logists and educationists - tell us that schooling, to have a positive effect, ought to
go on for at least four or five years; that one or two years of schooling does little or
nothing for the child. Yet, some countries are so poor that they cannot afford giving
four or five years of schooling to all their children. In a very poor country in the
Caribbeans, only 16 out of 100 pupils fmishing the first year of school have contin-
ued for a second year, and only 10 went to third grade. Even in some middle-
income countries in Latin America, no more than 15 percent of children attending
first grade stayed in school through the sixth grade [10].
We cannot be sure, of course, that schooling for no more than one or two years
is absolutely wasted; some educationists believe it is better than no schoolingat all.
10 Fritz Machlup Theory of Human Capital 11
If it is true that it is almost worthless.'but that four or more years of school would be
very beneficial, then a serious problem of equity and justice may arise: how to
allocate exceedingly scarce funds for education. Assumea country could not possibly
afford allocating more than x percent of its total income to schooling its children
and that this allocation would allow to giveone year of school to all children, or two
years to one-half the children, or four years to one-fourth of them, or six years
to one-sixth. If additional years of schoolding yield (in this range) more than
proportionally increasing benefits, what can one say about the best social choice
among these options? Equality of educational opportunity may be sheer waste
under the assumed" educational production function." If four years of school
produces enormous increments of productive capabilities compared with only two
ears of school, should society trade off more socialjustice to secure much more real
national product?
If you are convinced that total product will increase substantially thanks to the
availability of people with four years of schooling, will you recommend to the
community (the tribe, the nation) that one-fourth of the children be selected for
admission to school, and the other three-fourths remain unschooled? I do not know
whether your decisionbecomesmore difficult or lessasthe proportion of educationally
underprivileged increases: you may find it more tolerable to educate a very small
fraction of the population for positions of leadership, assuming that competent
leadership can be of prime importance for increasing the health and wealth of the
nation. I am glad that I do not have to make decisionsabout such conflicts between
efficiency and equality. Mosteconomists avoid the problem by rejecting the assump-
tions, by simply denying that they can be "true" or "relevant" in the real world.
That's a cheap way out of a bad dilemma.
The ethical problem of optimal allocation of funds available for the improve-
ment of human resources reminds me of a remark by Sir Dennis Robertson, one of
the greatest economists of this century. He said that one of the most important
functions of economics is to enable us to find out how expensive social justice and
equity is in given circumstances. The cost may be higher than a society can afford.
Robertson did not tell us how to decide in a conflict between efficiency and equity;
he merely pointed to the need of considering the trade-off, the efficiency-cost of
equity. Too often idealists insist on their ideasof socialjustice, usuallyegalitarianism,
no matter what it costs. The idealists in one country may be satisfied with two years
of schooling for all; in another country they are satisfied with no less than sixteen
years for all.
economists in the last twenty-five years. Because of a lack of pertinent data, for
most investigations a year of school became the unit of measurement without regard
to the type of school and the subjects taught. Only in exceptional instances was it
possible to distinguish among different curricula, but the price to pay for such
additional information was often that the samples became smaller and therefore less
representative. Still, with all faults - bad data, inappropriate samples, and biased
specificationsin the computations- someof the fmdingsaresuggestiveofinteresting
facts and developments. Many of the attempts to compute rates of return to edu-
cational investment have yielded unexpected and seemingly inconsistent results, but
even apparent errors and fallacies may be helpful in the task of designing more
conclusiveresearch projects.
Research in some developing countries in Latin America has led to quite
conspicuous differences in computed rates of return to different kinds and lengths of
schooling. For example, the highest rate of return was found for young women who
had studied to become secretaries. The incremental investment wasmodest: language
skills, typing, and short-hand. Theseskillsare in high demand: foreign and domestic
business firms need and look for schooled and trained secretaries; these women were
then earningrelativelyhighsalaries,makingfor highrates of return to the investment.
Desperately low rates of return have been calculated for university education in
the same countries. A serious flaw, however, may mar these findings: the data for
the earnings of university graduates usually exclude the earnings of those who had
left the country and were working abroad. Faced with poor job opportunities at
home, some of the best graduates have obtained employment in a foreign country,
probably at rates of earnings that made for high rates of return on their private
investment. The social rate of return on the educational investment may still be very
low in that public funds have subsidized the schooling of the emigrees. Even this
consideration may be offset by the thought that the emigreesmay send parts of their
foreign earnings back home to their families. This may not compensate the govern-
ment for the subsidies and stipends granted, but" society" includes also the relatives
of the graduates, and the remittances received from abroad are part of the social
grossbenefits.
Informative studies have been published on comparative rates of return to
material and human capital in India. Mark Blaugand his associates [5] found for the
year 1961 that the social rates of return were 13.7 percent on primary education,
12.4 percent' on secondary education, and only 7.4 percent on college education;
even compared with illiterates, the social rate of return on the investment in college
graduates was only 12.3 percent.l On the other hand, rates of return on investment
in physical capital ranged from 17 to 26 percent, according to a study by Arnold
Harberger [9]. The low returns to human capital in India are in large parts due to
Rates of Return to Additional Years of Education
Research on the question of how differences in annual incomes are statistically
associated with differences in school years completed has occupied hundreds of
lSee also [3; 4; and 20].
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the mismatch of aptitudes and attitudes of graduates, on the one hand, and job
opportunities, on the other.
Complementarity
Some teachers have modeled the role of physical capital in the production
process by imagining a universal tool or machine that can do everything in every
technological process. Helpful as such a model may be for the comprehension of
some economic relationships, it may be a hindrance in making the students grasp
other economic relationships. The imaginary universal tool allows us to dodge the
problem of complementarity of different capital goods: generators, motors, turbines,
transmissions, transformers, boilers, tubes, pipes, cables, drills, hammers, screws,
nails, and thousands of other hardware, tools, appliances, instruments, machines have
to be available in required proportions. It would not do to have generators but no
motors, hammers but no nails, electric power but no cables, and so forth.
Similar conditions exist concerning the stock of human capital. It is true that
human resources are less" specific" than physical ones. Some people may be good in
work of every sort, or they can quickly learn to be good in whatever is demanded in
manual or mental labour. By and large, however, people are specialized or, at least,
relatively more suitable for some kind of work than for another. The stock of
human capital, embodying the learning and training of people, accumulated over
short and long periods of time, is composed of many different types of abilities and
skills. In viewof the existingcomplementarities,the stockcanbe valuable- that is,
can yield high returns - only if the different forms of human capital are availablein
proportions that match the technological or organizational requirement of the place
and the time. And, as times change, requirements are likely to change.
Complementarity exists also between physical and human capital. The best
farm machines will do little good if there are no mechanics to maintain them, to keep
them in good repair. Skilled electricians will do little good where there isno electri-
city. Tailors need fabrics, needles, and thread in order to be useful. Computer
centres need hardware, the computers, and software, the programmes provided by
programmers. Enough of such examples, the message is clear. There is need for a
complex matching of different forms of physical capital and different forms of
human capital. The question is who will do the matching and how.
I do not believe that a central board of official "matchers" or planners can do
a decent job of it. The free-market system, anonymously coordinating the decen-
tralized self-matchers and professional small-scalematchmakers, operates with many
errors and mistakes but still far more efficiently than a central "human-resources-
planning commission." No central brain (or team of brains) can be trusted with the
task of predicting and providing for the right number of engineers, physicists,
chemists, medical doctors, statisticians, plumbers, house painters, electricians,
mechanics, and so on, and so forth. A market system with flexible wage rates and
flexible prices - raising the earnings of workers with scarce skillsand increasing the
profits of producers of scarce goods, and lowering the earnings of workers with low
or abundant skills and eliminating the profits of producers of bad or abundant goods
- can provide guidance for reasonably efficient self-channelling of resources into the
uses demanded by the people. I know that this casual remark will not sit wellwith
some of my readers. But I speak my mind even if it should make me unpopular.
The essential moral of my discussion of complementarity is that outlays
intended to create human capital will in fact prove to have done so only if they
result in the right mixture of human aptitudes and attitudes formed through the
The Wrong Educational Mix
Education is not a homogeneous good, neither as an output nor as an input in
other production processes. Much depends on whom you educate and how, in what
kinds of knowledge or skill, at what levels, for how long, etc., and much depends also
on the state of the economy in which the educated plan to work and earn a living. A
rich society may have ample demand for art critics, securities analysts, and psycho-
analysts, specialistsnot much in demand in a poor country.
If a poor country copies the educational system of a rich, the likelihood is
great that it produces a wrong educational mix, especially at the university level. It
cannot be a profitable investment for India, for example, to educate hundreds of
thousands of historians, literary critics, and lawyers. Personally, I am a lover of
humanistic studies, especially the classical humanities and philosophy, but if I am
asked whether I would regard such studies as good investments for a poor developing
country, I cannot in good conscience answer affirmatively. Yet, the percentage of
students being prepared for practically useful occupations has been relatively small in
Indian universities. If high rates of pecuniary returns are being sought, enrollments
in schools of technology, engineering,business, and management have been too small
relative to enrollments in studies suitable only for richer societies.
Educational policies in some other countries have been quite different. Weare
told, for example, that in Czechoslovakia over 60 percent of the students in insti-
tutions of higher education are in technological, physical, and mathematical sciences.
Perhaps there is a terrible loss in this relative neglect of the humanities with their
emphasis on values and history, a loss that may adversely affect the spiritual and
intellectual development of the nation. But, viewedas an investment in the material
productivity of human resources, the emphasis on technology may payoff through a
faster rate of economic growth.
In any case, it is not educationper seand, still less, schooling as such, that will
payoff in the future, regardless ofwhatabilities and attitudes it succeeds in devel-
oping. A positive return can be expected only from theimprovement of human
capacitiesthat are effected by our educational efforts.
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educational effort. And what is right or wrong in this context is not a matter of
value judgments but will depend on conditions beyond the control of individuals,
groups, cartels, commissions, legislatures,and governments.
Statistical and Econometric Research on Human Capital
Although I ought to come quickly to the end of this paper, I should not leave
unmentioned the large output of statistical and econometric research on problems of
human capital or, more correctly, on the question of the contributions that schooling,
job training, and perhaps other efforts to improve the efficiency of labour have made
to earnings from labour. Primitive attempts to establish correlations between
earnings and length of school enrollment were soon rejected in favour of regression
analysis, factor analysis, or path analysis, recognizing that more than one single
independentvariable- the numberof schoolyearscompleted- wasneededfor a
satisfactory" explanation" of differences in the earnings of different groups.
I have devoted a long chapter in my still unpublished book to a survey of
educational production functions. In a "parade of variablesand models" I show the
great variety of ways chosen by different investigators to estimate the effects of
schooling, learning, and nonschool training upon earnings from work. Among the
more widely used "personal variables" are early intelligence (measured by intelli-
gence quotients before schools), ambition (measured by grades received in early
school years), skin colour, region of upbringing (urban, rural, region in the country),
region of present residence, hours of work, and' years of job experience; among
"family variables" are father's education, father's occupation, mother's education,
number of siblings; but some investigators have added "social-psychological vari-
ables," such as "friends' plans for college." Some models include the quality of the
school (measured by its budget per student); others include more personal factors,
such as health (length of illness)and marital status of the individual earner.
Very complex relations are modeled in systems of simultaneous equations,
some in sets of recursive regressionequations, representing a sequence of production
functions for intermediate products where each may include the same input variable
that joins with other factors in determining the output at two or more intennediate
stages and perhaps also the ultimate product, that is, "earnings." Earnings usually
are annual earnings from labour after elimination of incomes from other sources; in a
few studies, however, hourly earnings are regarded as the product of the educational
production function.
The most delicate issue in this sort of research is the separation ofabilityand
educationin determining differences in earnings. The two variables certainly inter-
act, ability increases the effects of schooling, and schooJ,ingincreases ability. To use
sequential tests of ability can attenuate but not eliminate the controversy between
those who place more weight on native ability and those who prefer to attribute all
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ability to environmental influences (milieu). Ability at age zero is not measurable
and, in a sense, the entire increment of ability after birth is "acquired." Nonetheless,
the effect of IQ on earnings seems to increase over time; that is to say, that school
experience and work experience seem to contribute to earningslarger increments for
earners who have started life, or at least school, with a higher IQ.
These remarks of mine will again be unpopular with some of my readers,
because the opponents of the concept of "genotypic intelligence" are very zealous in
fighting for their position. Let me admit that I do not know how this controversy
can be decided. I share this ignorance with all others who have written about the
subject.
An Apology
I realize that I have offered in this paper only a few meagre scraps from my
work on the theory of human capital. I have tried to select some issues that I
thought may interest the readers of thisReview.If I have not succeeded in making
good choices, I may say in defence against such a charge that choosing becomes more
difficult if the pool of possible choices is very large. I cannot even contend that
what I have chosen for presentation in this paper is a representative sample of the
contents of my forthcoming book. I hope that the readers of this article will deem it
worth while to test this question when the book eventually appears.
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